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(57) Abstract 



A device for the separation of the liquid portion of blood from the cellular components of blood comprising: a pad of porous material 
(12) peimeable to the liquid portion of blood but capable of trapping the cellular components of blood; a substrate supporting the pad (1 6V, 
and means (14), attached to the pad, for facilitating the flow of Che liquid portion of the blood: (i) through interstices around the trapped 
cellular components of the blood and (ii) from the pad of porous materiaL The separation of the liquid portion of blood from the cellular 
components of the blood occurs by flow through the pad of porous material without significant hemolysis. The device can be incorporated 
into a device for the performance of specific binding assays such as immunoassays, The pad of porous material can contain an agglutinating 
agent such as a lectin or an and-blood cell antibody, or a carbohydrate such as mannitol. Other devices and methods for the separation of 
the liquid portion of blood from the cellular components of the blood are also disclosed 
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DEVICES AND METHODS FOR SEPARATING CELLULAR 
COMPONENTS OF BLOOD FROM LIQUID PORTION 
OF BLOOD 

BACKGROUND OF THE INVENTION 

This invention is directed to methods and devices for separating 

cellular elements of blood from the liquid portion of blood, particularly in 

connection with the determination of characteristics of blood samples. 

Among the many analytical systems used for detection and/or 

5 determination of analytes, particularly analytes of biological interest, are 

chromatographic assay systems. 

Such chromatographic systems are frequently used by physicians 

and medical technicians for rapid in-office diagnosis and therapeutic monitoring 

of a variety of conditions and disorders. They are also increasingly used by 

10 patients themselves for at-home monitoring of such conditions and disorders. 

Among the most important of such systems are the "thin layer" 

. system in which a. solvent moves across.a thin, flat absorbent jnedium.-Among 

the most important of tests that can be. perfpnped with such, thin layer systems 

are immunoassays, which depend on the, specific interaction ^erween an ^uigen 

15 or hapten and the corresponding antibody to form antigen-antibody complexes. 

The antigen to be detected can itself be an^antibody, such as in serological assays' 

for H. pylori-specific antibody. In such cases, the antibody to be detected-can r; 

also be bouriij/to a ^specific antigen. Alten^uvely r the antigen to be deleted: can'V 

be detected indirectly by using a labeled second antibody that binds to the -first .<? 
. .... . -..ft-: 

20 antibody to the analyte to be detected^ Tbesei immunoassays as a means fop; 

testing for the r presence and/or amount of &$icalfy important molecules h^ve 

been known' for some time. As early a^J&is, J.M> Singer reported the./use of ■ , 

an immune-based latex agglutination test for detecting a factor associated with 
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rheumatoid arthritis (Sineenet ai.^ Am- Jr. Med. 22:888-892 fl956^<r - 
Immunoassays have been used with chromatographic methods and devices; this 
combination is known as jmijiunijc^ 

: -Imtounochromatographic assays' fall into two principal categories:^ 
5 "sandwich" and ^competitive," according to: the 'nature of the antigen-antibody" 
complex to. be. detected, and.the sequence ofrreactions required' to produce' that 
complex... » / -[-••<>?•. \'j : v l~rr: : * * ■ *. j. 

.;• \ry Examples of sandwich immunoassays performed on test strips are 
described by-U. Si Patent No. 4^168,146 to Grubb et al. and U.S. Pktent No. . 

10 4,366,241 to Tom et al., both of which are incorporated herein by this reference. 

' mV. In competitive immunoassays, the disclosing reagent is typically 
coupled to an analyte or analyte 'analog which competes for' binding with an 
antibody with any unlabeled . an^yte praen£ in this sample. Competitive 
immunoassays -axe typically used for -detection -of analytes such as haptens, each 

15 hapten being monovalent and capable of binding only one antibody molecule/ • 
Examples of - hapten* iiu:lude therapeutic -drugs such as theophylline and digoxin 
and drugs of abuse such as' cocaine and' heroin and-their metabolites. J Examples 
of competifive ^immunoassay devices are those (disclosed by U.S. Patent No. '■' 
4-,23S;60tto Deutsch-et al., U;S.'- Patent No. 4*442,204 to -Liotta, and U.S. " 

20 Patefct-Nol : 5,208,535 toBuethier et «aLy all of which are* incorporated herein by 
this r£fe*encei ■ — a.-v.^ /. " ■ . .■ ' 1 ^ V 

-a VV- .o' T'dne of toe samples most frequently assayed for an analyte using 
test strips or- similar devices -is blood. Most typically/ the analyte to be assayed 
is a soluble component in the liquid portion- of blood, i.e. 1 , serum or plasma. 1 

25 The' cbmpositions^ofthe Wo-are similar, except that serum, obtained from a ••" 
blood sample that has been allowed to clot, is lacking in fibrinogen and certain 1 
other clotting -factors' that are* depleted as a result 'of the 'clotting process. 

Most typically the diiriciah or technician Will draw~a blood 
'sample, which is often' af fairly small sample. It would be preferable to be able 

30 to use the entire blood sample for the assay, avoiding the necessity of a bulk 

preparation of serum or plasma from the blood sample. However, with most test 
strips and similar analytical devices, the use of whole blood as a sample, or even 
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a blood samplejrpm whichthe cell&{ particularly, the erythrocytes; have been 
partiaUy^remoYed, .isundesirtble.v ' • A'a'- f ty: ■ * vr * ' - *•»"■'■ " * 
The blood cells, paitieularly. tKe^rythrocytes, 'first slowthejflow 
of. serum ^Qr plasma, along -the membrane and. ultimately, stop utbyi clogging the 
5 pora;.ofJtw.mea&^ in^aii invalid test.* 'The migration. of'ted 

blood pells or iptber blopd cells can 2Jsaxreatethigh:b'ackgn3unds^or.otherwise 
interfere with the performance of the test carried out by the assay device.' ^r.;/ 
AJthougkblopd cells c^H be removediby. filtration through microporous filters, 
the action ; ofsucb /liters is generally tooslbwtto permit: efficient assay bftell-' 
10 free -Jjlood;.. j , r V:,.: t v. JwV.v. x " -.v .rr.i 

.: 'Additiopally.;:.eyen if the bloockcella arer*effectLvelyIremoved, 
methods for doing spifrequejq^yresult. in. hemoIysis.-.The occurrence of * 
hemolysis is .undjesirable^ 

hemoglqbin n qther,pi^enpv : and^s q£ blo.odv 

15 This causes interference with mapyjcli|iiQal-te.s$s, , ,« ^ * ;.j - , ;v . :: r ; . , - 
Various, methods for the separatipp. of :b!ood; cells ;ftonv^the, liquid;, 
portion- of; blood -are. described, for exOTpl^inrlJt.S, :P.atent.N<i;>:3:;76.8 f 978/toL.! ? . 
Grubb et bL«U.Sl patent. No. .^(^^to.Gree^ 

4,477,575. to Vqgel et,al;v/U;S.. Patent Noh4:,5?4v372..tQ:Zuk^U:5MPa^tvKo^ 
20 4,753,776 Jto flillnjan cfcaL, U£. Patent No^4^^4.to--Vog^;eta}.w ftfcrf 
Patent No. 4,933,092 to Aunet et al. v U.S. Patent No. 5,055,195 toclmpb ettf; 
al.r, U.S. Patent No. 5$64&l-teJ^&tfu U.S,:J?at^Pt No P 5;076,925 to 
Roesjnk; et al., U.-Sv Patent -Na/S-, 118^8 R,Sand.:et.al.,.U^-'P?tept Npu>. 
5,118,472}to Tanaka et al., , U £ S? patent ^q.^., ^30.^:V^M«kV4t-ilkj 
25 Patent No. 5,1-35,71? ta Hillman tfrri;, U#,;i^ 

al., V£. «Patent,Nq. v 5,212,OA0 to Maddox ? et^ H,S,.Pate.nt No: £240,862 v to 
Koenhen et ah, U.S. Patent No.; 5,262,^67 ^^8k^e||l r , U,S>;Patent: y : . 
No. 5,306,623,to Kiser etal., U<S. Patent, NQ.:§,3,64;$33 to Pgura et al., and 
U^g.- Patent Np. .5,39,7,479*0 Kass et al if all. of- which are incorporated herein by 
30 this reference. * , \ . . . • 
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• • • However; there is still a need for an' improved method of 
separation of the cellular components of blood from the liquid portion 6f blood 
for rapid and accurate assay "of ahalyte s contaiiied^ in-the liquid portion- of-fcilood 
Particularly, there is a need for an integrated device that infcorporates both an : ' 
5 assay elemeiit l and : raeans for 'separating the liquid portions of blood from the 
cellular' components of blood so that J an analyte present in the liquid portions of 
blood can be assayed readily in a single device. Siich'an improved device would 
avoid the necessity of a preliminary extraction of serum or plasma with its 
attendant necessity of safe 'disposal 'of the blood fractions. This has become a 
10 serious problem due* to the increased spread of blood-borne diseases such as 

hepatitis and AIDS . : An improved device would be capable of direct assay of the 
desired analyte when a* whole blood'sample is' applied to the device. 

...... Preferably, such 1 a device Should be able to perform a broad range 

of immunoassays; including both sandwich and competitive immunoassays. 

^ " ' • " .,;;.'» „ . ' ,i. . " \t; j . . *. .' - 

'.r-*rs.i-sK.t - r SUMMARY ; > T 1 

. . v .fc w - have 1 developed devices and methods for separating the liquid 

portions of whole blood from the cellular components of blood, as well as assay 

devices and methods' for their use, that meet these needs. * 
20 ' 'One aspettof the device is a device for separating the liquid 

portion ' bf blood from the Cellular components of blood comprising: 
g. . t . ^ pad bf porous material permeable to the liquid portion of ' 

blood but capable of trapping the cellular components of blood; 

' (2) a substrate suppbrtiiag the pad; and 

25 •«..■• ^3) means, attached to the pad, for facilitating the flow of the 

liquid portion 1 of the blood*' (i) through interstices' arbund the trapped cellular 

components of the blood within the jjad and (ii) from the pad of porous material. 

The i separation of tke U4 u ^PorUbn of blood from the cellular 

components of the blood occurs by flow through the pad without significant " " 
30 hemolysis.' ' * ..... 
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. w Typically, the pad of porous materia] contains a,binder for the 

cellular components of bipod. If the .binder, is an ai^ r blpod- cell .antibody, it is . 

preferably ^.anti-erythrocyte? antibody ; If the binder is ^ lectin, a number .of ■, . 

types of lw^ are. suitable for. yjse. . .. jt , - : .\ ■■. -r\ 
5 . . - ,Alternatively, the ; pa0 can be imjp^gnated with a carbohydrate 

capable : of aggregating blood cells... A. number^. caxbqhydi?^ : are. suitable for. 

ui*.,.Prefei?bl^ .. a ) vr ■ 

, , The pad of porous mateqaljn this device, can inchjde two sectors: 

(i) a first sectpr.permeable tp both the ligui^pjortipn jOf^blpod and ^.cellplar. 
10 components o( Woodland (ii) a second sector p|pneab|e tathe^liquid p^rtioi>..of 

blood but capable of binding (he cellular cpnjpqnents, of blood-.. * . K]£ ? ;. 

Alternatively, the pad of pprpqs, mateiial .permeable, to< the ligui4 ■.. 

portion of blood but capable, of trapping the. celhilar con^>pnents of blood can 

include therein an asymmetric membrane, yyfth a first ^ur^ce M and a ^tcgpd . 
15 surface, the membrane having a gradient of pore sizes such that the pore size 

decreases from the first surface to the second surface, the asymmetric membrane 

capable of trapping^the cellular conaponente of J^lqod. within it an<J allowing the 

liquid components of blood .to pass through.,-. •, ( . . -.j «. . 

The means, ^ttached to fte pal, far f^piUtat^.itie, Qo^ { Qf ,the v , %< 
20 liquid pprtipn of the blood typically, includes therein ^membrane -for 

chromatographic separation;,.^ m^br^^ 

typically has a captuiie ?one pierc^n for bj^|,i» flaonbctof ^specific binding 

P^- ;•_>• k- ::- :t *\ 

This device, and other analogous devices described below, can be 

25 used in a method of separating the liquid portion of blood, from the cellular 

components of blood,. If^a membr^e for chromatpgraphic. separation is. ^ , 

included, the device can be used in a method .for perforating an assay, for . , 

detecting and/or determining at.least one analytejn the liquid portion of a blood 

sam P lc ; • - -J ■ v . ? • 

30 One aspect of the present invention is a device for separating the^ 

liquid portion of blood from the cellular components of blood comprising: 
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(1) 'a' first porous separating matrix permeable to the liq^d portion 
of blood but capable of trapping the cellular cbmpdhenfe of blood; and 

• (2) a second porous matrix inoperable cohtact with the first 
porous separating matrix that permits the liquid portion of the blood to flow'by 
5 ' capillary action or chrbmato^phic separation through the second porous matrix. 

; The separation of the liquid portion of blood from the cellular 
components of the blood occurs by flow through the first and" second matrices 
without significant hemolysis; r 

In this version of the device accordiiig to' the present invention, the 
10 second matrix is typically a membrane'' for chromatographic separation, thus 
producing an assay device . : The membrane fbrc^ 

typically has a capture zone thereon iter binding a member of a specific binding 

pair/' • '"• -* *'* v : ' 1 - '"v-;v ■• r. 

' If the second matrix is a membrane for chromatographic 
15 separation,' a method for performing ah assay for detecting and/or determining at 

least one analyte in the liquid portion of a blood sample can comprise the steps 

of: : - k : '*'*' r -'- : / - ' ' f " ' ' : 1 ' ' * '" 

(1) applying a sampieof blood tb the first porous separating 

matrix of the device; 
20 ;L ■ ' (2) 'allowing the J blbod sample to flow ihroiigh the first porous 

separating irktrix to separate' the liquid portion of the blood sample from the 

cellular components of the blood sample; '* ■ 

- ; * 5 ' (3) ; facilitating the flow of the : liquid portion of the blood through 

the interstices around the trapped cellular components of the blood' as a result of 
25 the action of the second matrix;' arid 

(4) allowing the liquid portion of the blood to flow through the 

second matrix so that ah assay is p'erfbnned in the second matrix, the assay being 

performed by binding; a member of a specific binding pair to the capture zone of 

the second matrix to detect and/or determine the at least one analyte. 
30 The first separating matrix can be an asymmetric membrane with a 

iirsf : surface and a second surface*. The membrane 'has a gradient of pore sizes 

such that the pore size decreases from the first' surface to the second surface; the 
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asymmetric membrane is capable of .trapping the. cellular components of blood 
within it and allowing the liqyid cpmponents^of, blood to pass tfirpugh; M . 

? . . * : . . Typically, tfye, device further comprises . an impermeable solid 
support to whicA tta second^ . . •« 

5 ,Yet another, aspect of *he invention is a.dg vice for ,the separation of : 

the liquid .portion of blood from the, cellular components of bipod comprising 
three matrices.,. Such a. device can compiise: , : H - rt i . ;J v, rf(CW 

(1) a first porous separating matrix penneable to the. iliq^d : portion 
of blood \m capable of trapping the cellular components ^fiblpojd; 
10 (2) a second p.qrous separating matrix in operable contact with the . 

first porous sepmt^.matrix. permeable.to the, liquid pqrtipn.of blood.but , : , - 
capable of trapping fhe .ceUularconjpqaents of .blood; and , . , . .„ • v • :: 

(3) a third porous matrix in operable contact with the second r 
porous seprati^gmatrjx that permits the iiquid.portiqa of,, the. blood to flow by 
15 capillary action or chromatographic separation through, the second .porous matrix. • 
. The separatjqp^of the liquid portion of the Moq<] from^e t x*llular 
components of the blood occurs by flow through the first and second porous 
separating matrices without significant, hemqlysis. . .,- ..^ . 

Yet another embodiment of a device according ft ^e. present-. ... v 

20 invention has multiple, secopd porous, matrices, ..Such a device comprises: 
, ,. m (1) a first porous s^^tipg ^^ 
of blood but capable of trapping the cellidar t cp^popents of blotri; and. ... . .. • ,. 

t (2) at. least two sfcopd poro^^triqes^ e$ch second porous 

matrix in operable contact with the Jirst.pQ)cous.separating ( matrix 4at permits, the 
25 liquid portion of the blood to flow by . capillary action or chromatographic 
separation through the second porous matrix., . ; . ,. %f .n A # . 

. Still another aspect of die pj^ent, invention is. a. two-component , . 
device for .separating the liquid portion of a bkxxj.j sample from,the cellular 

components. This device ( cpmprises: 

30 . . (1) } a first opposable .component including: 

(a) a first porous separating matrix penneable to the liquid 
portion of blood but capable of trapping the cellular components of blood; and 
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tb) a" second porous matrix in operable contact with the first 
porous' separating matrix that permits the liquid portion of the blood " to flow by 
capillary action or chromatographic separation through .the second porouslmatrix; 

• 'Sat • • •••• • ••' •'• 5 ••••• 

5 ' (2) a second opposable 'component attachable to the first opposable 

component such' that the first and second opposable components can be brought 
into opposition' to transfer fluid 'from one of the opposable components to the 
other by pressure. ' 5 ' ' 

The separation of the liquid portion of blood from the cellular 
10 ' cbmpon^hts of the blood occurs by flow through the first and second matrices of 
the first Opposable component without significant hemolysis! 

' "' Thesecbrid opposable component can include a sample preparation 
zone, which can include at least one reagent for treatment of the sample or a 
specific binding partner labeled with a detectable' label, the' specific binding 
15 partner having specific binding affinity for at least one component selected from 
the ahalyte arid a spe'cific binding partner' for the analyte in a form that can be 
resolubiiized by the addition" of an aqueous sample to the sample preparation 
zone. 

' A twoHwImipohent device particularly adapted to bidirectional 

20 assays can "comprise: • • -y j 

'• ' (1) a first opposable component including: 

(a) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping the 'cellular "components of blood; and 
• 0 " (b) a second porous matrix including a membrane for 
25 chromatographic separation m operable contact with the first porous separating 
matrix that permits ihe liquid portion of the blood to flow in a first direction by 
capillary' action or chrobaato graphic separation through the second porous matrix; 
and 

(2) a second opposable component attachable to the first opposable 
30 component such that the first and second opposable components can be brought 
into opposition to transfer a reagent from the second opposable component to the 
first opposable component by pressure such that bringing the first and second 
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opposable components into opposition causes the reagent transferred from the 
second .opposable component to the first, opposable. component to migrate through 
Che secon^ porous matrix in a second .direction, opposite to the first direction. 

In this version, the separation of the liquid portion of blood from 
5 the cellular components of the blood occurs by flow through the first and second 
matrices of the first opposable component without significant hemolysis. . 

. . r Another aspect of the present. invention, is a method for. separating 
the liquid portion of blood from the cellular components of blood comprising the 
steps of: „ t ... _ ■ ... , , „ 5 , 

10 .(1) adding a cross-linldng substance for. the cellular components, of .> 

blood to a sample of whole blood, the cross-linking substance being, selected 
from the group consisting of a lectin,, an anti-blood cell antibody, and a 
carbohydrate capable of aggregating blood cells; 

(2) mixing die cross-linking substance and the blood-sample to . 
15 form .a mixture of the cross-linking substance ^ 

(3) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

(a) a pad of porous material permeable. to the liquid portion 
20 of blood but capable of trapping the cellular components of blood aggregated by w 

the reaction between the cross-linking substance and the blood sample; 

(b) a substrate supporting the pad; and 

(c) means, attached to the pad, for f^Uitating the flow of 
the liquid portion of the blood: (i) through interstices around the trapped cellular 

25 components of the blood and (ii) from the pad of porous material, whereby the 
separation of the liquid portion of blood from the cellular components f of the 
blood occurs by flow through the pad without significant hemolysis; and . 

(d) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood from the cellular components of 

30 the blood. ........ 



m 
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"Preferably, the method further comprises adding an anticoagulant 
together with the cross-linking substance. Typically, the anticoagulant is heparin 
or EDTA. - 

Preferably, a concentration of cross-linking substance is used that 

•,• • • , ••»•; . r ,»•; * .' v:. ; : 

5 is sufficient to' cross-link substantially all cellular elements of blood. 

. . * n • . ' .' * 

An alternative method for separating the liquid portion of blood 

from the cellular components of blood comprises the steps of: 

.... v. \ - ■; • ' • 

(1) adding a sample of blood to a capillary tube coated with a 

ctoss-1 inking substance as described above; 

10 (2) allowing and cross-linking substance to dissolve in the 

blood sample to form' a mixture of the cross-linking substance and the blood 

sample; 

(3) applying the mixture of the cross-linking substance and the 
blood simple "to a device for separating the liquid portion of blood from the 

15 cellular components of blood as described above; and 

(4) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood from the cellular components of 
the blood. 



20 



Preferably, the capillary tube is also coated with an anti-coagulant. 

BRIEF DESCRI PTION OF THE DRAWINGS 
These and other features, aspects, and advantages of the present 
invention will become better understood with reference to the following 
description, appended claims, and accompanying drawings where: 
25 Figure 1 is a drawing of a device for separating the liquid portion 

of blood from the cellular components of blood, employing a pad of porous 
material; 

Figure 2 is another drawing of the device shown in Figure l f 
showing the migration of blood through the device; 
30 Figure 3 is a drawing of another embodiment of an assay device 

according to the present invention employing a porous pad with two sectors; 

' .1 " . , : • :•. i ' . ; . i ■ — ■' - . . . . • " . . ' • . . v : 
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Figure 4 is a drawing of another embodiment of a. device for 
separating the liquid portion of blood from the cellular components of blood, 
employing three matrices; 

Figure 5 is a drawing of yet another embodiment of an assay 
5 device according to the present invention with two second matrices, which .can 
incorporate assay elements; ... 

Figure 6 is a drawing of an embodiment of a two-component 
device according to the present invention; 

Figure 7 is* a drawing of another embodiment of a two-component 

.v- 1. „•;."• nr. A' -\ 
10 device according to the present inventiQn; and 

•■■ "iw.'sij.'.,': 3^-. !>•«*.: v* C/M 
Figure 8 is a schematic diagram of a method according to the 

present invention for separating the liquid portion of blood from the. cellular 

components of blood, employing off-board separation, with blood being added to 

a capillar 

15 of blood. 



a capillary tube containing a cross-linking substance for the cellular components 



DESCRIPTI6N 



tiki., -ivvr 



Definitions _ 
20 In the context of this disclosure, the following terms are defined as 

follows unless otherwise indicated; 

Specific Binding Partner: " A" member of a paSur of molecules that 

t \ '\ ' \ "trs:; fa :2*; '.^w i-ij* ;•<;■:!>.* 

interact by means of specific non-covalent interactions that depend on the three* 

dimensional structures of the molecules involved. Typical pairs of specific 

25 binding partners include antigen-antibody, hapten-antibody, hormone-receptor, 

« . !.-■..: ••/);•.';: •?• T.r; £'j v \ ; 

nucleic acid strand- complementary nucleic acid strand, substrate-enzyme, 

': • : . .* i^;^. '1 » i^xrc v.c*; ; *-1 .* •:*.'* 

substrate analog-enzyme, inhibitor-enzyme, carbohydrate-lectin, biotin-avidin, 

and virus-cellular receptor. 

Operable Contact: Two solid components are in operable contact 

30 when they are in contact, either directly of Indirectly, in such a manner that an 

aqueous liquid can flow from one of the two components to the other 

substantially uninterruptedly, by capillarity or otherwise. "Direct contact" means 
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that- the two elef/ienCs are in physical' contact, such as edge-io^-edge or front-to- 
baick. -Typically; when two corhpbiierits- are in direct contact, they are overlapped 
with an 1 overlap of about.0.5 rrimJo about 5 mm.' However, the components can 
be placed". with abutting edges; "' "Indirect contact •* means &iat thetwo'elements * ' 
5 are not in physical contact,- but are bridged by one or more conductors. 

Analyte: The term "analyte" includes both the actual molecule to 
be assayed, and analogs and 'derivatives thereof when such analogs and derivatives 
bind another molecule used in the. assay 'in a manner substantially equivalent to 
that of the ahalyte -itself, c- ri--v I • 

10 -Antibody: The term "antibody" includes both intact antibody 

molecules -Of the appropriate specificity and antibody fragments (including Fab,! 
F(ab'). ^"and-F(ab')2 fjagmehts) as-weirai-cheirucally Modified intact antibody 
molecules" arid antibody fragments/ including hybrid-antibodies assembled'' by in 
Vitro reassociatibh of "subiinits k 'and 'single-chain antibody molecules produced by 1 

15 genetic 1 engineering. Also included within' the definition are anti-idiotypic 
antibodies that speciiicaHybmd'a^^ of antibodies. 

Without Significant Hemolysis: The term "without significant 
hemolysis" means the absence of hemolysis to a degree such tSat the resulting 
plasma'or^erurh shows no apparent redness against a white background by visual 

20 inspection. :- ■■>'•• \i- r .""fcyvo r i 

Supported: The terin' "supported" can include either directly or 
indirectly supported, as a solid substrate or indirectly by a solid 

sub^ate 1 through one or more ihtervemhg 'elements.^ ' ' ' ;t 

Cross-linkihg Substance: The term "cross-linking substance" is 

25 used generically 'herein' to include substances that are capable of cross-linking, 
agglutinating /ox ^aggregating the cellular components of blood. Specifically, this 
term includes lectins and ahti-blood dell* antibodies, as well as carbohydrates that 
can aggregate blood cells by making them adhesive and causing them to clump; 

' Methods and devices According tb the present invention use one of 

30 two techniques for separating the cellular elements (formed elements) of blood * 
from the liquid portion of blood (serum or plasma, containing the soluble 
elements), for use in an immunochromatographic test format. 
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, The first ^ft^eteyhriqu^^ cellular l; 

elements of blood, from the liquid poition : pf ^bloo&piiipr as^an integral- part, of ' 
)Jie test <}gyice, referred tp^enei^y^ . 
thea* ,t£;d^ques .i^spparatioii : or blood s^Rfeproce^mg^fore'th^ sample,is : 
5 added to the c test device, ref$n$d to generally 9s : pff:boar4;processing. ; ■ . v : 

• v . "Mi \f»-u v ? ..'!.;.. •..•« s •* "ji ' . ,f7 * i *- 7 * :.:?A 

I. . DEVICES. ANIX METHODS FOR ON-BOARD PROCESSING ... 
. : ..,A, ., : General pescription-of Qn-Board Processing : ;•, 

One aspect of the present invention is devi(^foE;^aia]ting>the^; 
10 liquids-portion of ; blopd from the cellular cpmpp^epts^of blood or as an 

integral pan of : the T test 4eYice t . t The cellular : eomponeRts ( of l?ljgjo4:includle : .y-: •.. 
erythrocytes (red blood celjs),. lej^09ytes:(w]iite. blo^cells), andjplatelets. The ; 
liquid portion, of , the bjood includes fo^n^inder of the bipod -and: is generally, - 
known. as serum if. the blood to^clo^ t fo 4 nning^ 
15 blood cells. It is.generally known as plascqa if it is obtained from imclqtted v ; -. •. 
blood. The jnajor.ingr^iipnt present in plasm ^absent in, serum |s fibrinogen, 
the precursor pf .fibrin.- s tij ., vu - r r V; y ; ... ; .. t: iy 

e ene f^ ? device comprises: * ^ u m 
> Jti (1) a fad of porous material, permeable tq.tbe, Hgmf^rtionjOf^ . C( 
20 blood but capable of trapping the cellular components of blood; .i^rs-j^-d:; 
, (2) a substrate ^por^^e pad; ; and: r< r : 

(3) means, attaphed t to : ^he p^d, for facilitating Jhe,^ow; of^the, : 
liquid portion of the blood: (i} through t interstices,aroT^d., the trapped cellular. . . 
components .of the blood^and (ii).frpm the pa^pf porous /.materia , 
25 - In general, a method for. separating, the .liquid .portion o£ .blood . 

from the cellular components: of bipod using- -this -device ,corpprises: v .. }l . . 

- (a) applying.a sample of bl<^ ^ 
the device; . .j ; ■•/i^:-^; . - ... 

....... (b) , allowing the bipod sample to flow through the pad of porous 

30 material to separate.the .liquid pprdon.of the-blood sample from the cellular 
components of the blood sample; and . , . : 



m 
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■ - ■ 1 ' (c) facilitating the flow of the liquid portion of the blood through 

the interstices around the trapped celliilai components of the blood and from the 

pad of porous material/ -' • ' ' • ; ' ' y ' - »•■••• 

Various arrangements and elaborations of ' this device are witmn 

5 the siiope of the present Wention, a3 : descritted fuhher below. 

, ?. y t :.: : ? T^ e separation of the' liquid portion of blobci from die cellular 

components of the blood' occurs by' flow though the pad without significant 

hemolysins." " ; ;i ! " : :C ' ' ' ' ' * " " ' 1 '* ' ' '''*"' 

Typically, the ? ^b'str¥te is a solid, substantially planar substrate; 
»« ■ . • • .... > * *.•*'• 

10 Typically, tfce ; flow through the' pad' occurs in a direction'substantially parallel to 

or along the substrate: * 

The tneins, attached to the pad; for facilitating the flow of the 

liquid portion of the blood can include therein a membrane for chromatographic 

separation; typically,' the membrane has a capture zone thereon for binding a 

15 member of a specific binding pair. In this arrangement, the device can be used 

in a method for performing an assay for detecting and/or determining at least one 

analyte m ftie liquid "portion of a blood sample comprising the steps of: 

i -. ..>} ^ applying a sample of blood to the pad of porous material of 

i« v ;.*...Vi- •;. .* -* .'**/ 1 " ■ " . * '• ' ■* ' • 

the device; 

♦ • • .« 

20 (2) allowing the blood sample to flow through the pad of 'porous 

material to ' separate the liquid portion of tlie blood sample from the cellular 
components of the blood sample; 

• (3) 'feciiitating the flow of the liquid portion of the blood through 
the interstices around the trapped cellular components of the blood as a result of 
25 the action of the 1 means attached to the paid; and 

(4) allowing the liquid portion of the blood to flow through the 

chromatographic medium so that an assay is performed in the chromatographic 

medium, the assay beirig performed' 6y binding a member of a specific binding 

.* . 

pair to the capture zone of the chromatographic medium to detect and/or 
30 determine the at least one analyte. 
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. The conditions that are optimal for the performance of such 
assays, such as the. choice of the member. .of the specific .binding pair,. the use of 
buffers or salts, the time- required, and the optimum temperature, are. well taown 
in the .art and need not be described further here. . . 

5 The porous pad f . also referred to. as ; a sample p^d because ihe 

sample is typically applied to it, can.be a .woven or non-woven fabric, paper, 
cellulose, glass fiber, polyester, other polymers, or .mixtme^of .these materials to 
retain the cellular components of blood. The porous pad typically has a.binder . 

for the cellular components of blood incorporated therein, 

10 . , The binder for the cellular components^ of blood .is typically .a- , . . 

lectin or an anti-blood cell antibody. When the binder is an anti-blood cell, 
antibody, it is typically an anti-erytjtoc^^ Such .antibodies are well 
known in the art and reed not be described further .here. Typically, they, are 
obtained by the injection of red blood cells or fractions from red blood cells into 
15 a different species. If the desired antibody is anti-human red blood cell antibody, 
suitable animals for the production of such antibodies include goats, rabbits, 
horses, and sheep. Either. polyclonal or monoclonal antibodies can be used. 
Alternatively, anti-leukocyte or anti-platelet antibodies can be used alone or in 
addition to the anti-red blood cell antibody if it is desired to ensure removal of 
20 those cellular components. .... 

The binder for the .cellular components of blood can be 
noncovalently bound to the sample pad. Alternatively, it can be covalently cross- 
linked. to the sample pad; techniques for cro$s-linking proteins to solid supports 
such as cellulose, , paper, and other typical sample pad materials are well-known 
in the art and need not be described further here. The sample pad, containing 
antibodies or lectins, can .be farther treated with polyester binders to capture 
cellular elements, as described, for example, in U.S. Patent No. 4,816,224 to 
Vogel et al., incorporated herein by reference. Other types of polymer binders 
can also be used. . . , „ v 
30 When the binder is a lectin, typically the lectin is one . of the 

following, but is not limited to: concanavalin A, abrin, phytohaemagglutinin, 
limulin, or one of the lectins produced by the following species: Agaricus 
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bisporus, Anguilla anguilla, Arachis hypogaea, Bandeiraea simplicifolia, 
Bauhinia purpurea, Caragana arborescens, Cicer arietinum, Codium fragile, 
Datura strampwmiDMchosMflprus, Erythrinaxorallodendron, Etythrina 
cristagalli, Euonymus europaeus, Glycine max, . Helix aspersa. Helix pomdtid, 
5 Lathy rus odoratus, Lens culinaris, Lycopersicon esculentum, Madura pomifera, 
Momqrdicayharqntia, Mycoplasma ,gallisepticum, Naja mocambique, Naja 
kaouthia, Pers.eau americana;. Pk&eolus coccineus) Phaseolus limensis, 
Phaseolus A yulgaris : , Phytolacca americana, Pisum sativum, Pseudomonas 
aeruginosa, Psophocarpus tetragonolobits,,Ptilota plumosa, Ricinus communis, 

10 Robinia pseudoacacia, Sambucus nigra, Solatium tuberosum, Sophorajaponica, 
Tetragonolobus purpureas, Triticum vulgaris, Ulex europaeus, Viciafaba, Vxcia 
saliva, Viciavillosa, Vfena radiata, J/iscum album, and . Wisteria floribunda. 
Lectins are proteins produced- by plants and some- animal species that bind 
specifically and non-covalently to sugar groups that are present on the surface of 

15 r blood cells: t; < : • . - v. 

. Preferably, the lectin is capable of binding both erythrocytes and 
leukocytes arirf is notblood-cell-gioup specific. Many other examples of lectins 
w*kndwn^d'neednotWdescribed ; ftoherherc^ - : ■■'*• 
. ■ , a n rv . ;The pad of porous material can alternatively be impregnated with a 

20 carbohydrate capable of aggregating blood cells, such as the carbohydrates 

disclosed in U.S.- Patent No. : 4;678;757 by Rapkin et aL, incorporated herein by 
this reference. ! These 'carbohydrates include, but are not necessarily limited to, 
• mannitol; sorbitol,: inositoiV/5-D-glucose, a-D-glucose, D(+)xylose; ? - f 
•D(+)mannose, D(-)arabinose,^+)arabinose, D(+)galactose, L(-)xylose, D- 

25 glucoheptose< I>lyxose; lactose; maltose/ahd sucrose.' A particularly preferred 
carbohydrate is mannitol. • Although applicants do not intend* to be bound by this 
theory, these carbohydrates are believed to' act by binding non-covalehtly to the 
surface of erythrocytes, making them adhesive and causing them to clump or ■• 
aggregate* ■ ■ . '■ . . 

30 A carbohydrate in solution is applied to a permeable matrix such 

as a non-woven fiber (e.g., cellulose, glass, or polyester) in a concentration up to 
20% (w/v) to produce a treated matrix. The solution can be applied by various 
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means such as impregnation, .printing, w spraying to achieve the desired' - 
coficentratio0i : in .thermtrix.'' The'carbohydraK lunctiorisias avoiding, clumping, 
or agglutinating agent which* preferentially se^tes^lls tfroW 
liquid which is fijeeto migrate through the matrix: > * - • ■ - 4 . >• v\ 
5 • Theyoiumeofcbiood.separaj^ 

capacity o&tl\e treated matrixrthe^means; attachedvto the pid^fof -fecili&ting'the 
flow of t}ie liquid .portion of the blood .through interstices -around- tlie trippeii 
cellular components of the. blood and from the pad, and- the de gree and area- of 
adherence.between the. treated, matrix and the. means forn/acilitaiihg die flow of 
10 the Uquid-pprtion of blood. .-!!.,«•- ^ ..c> -.vs. ^ .v-*., v. it 

B. Particular Embodimentsof Devices. for:Qh-Boaid. 'Processing • " - 
One embodiment- of, a. .device, for on-board processing according to 
the present invention comprises: .»-.. . . \. f . • . ■ ••. • .':c . r 
15 (1) a first porous separating matrix permeable to the liquid 'portion ' 

of blood but capable of trapping the ceUular ; cpipponents;ofjblo6d; and 

(2) a.saond pproiwma^inpp^nible contact with :the.ftsti«.::-i 
porous separating matrix that peimit? the liquid portion of the tload to. flow by ■ 
capillary action or chromatographic .separsftpo ftrpUgK the secoftd porous matrix 
20 without significant hemolysis. ^ •« fy/y, v. viA*:: ?*wsfiydti& <V: 
In this, embodiment, .the c ;seeoi^po^^ 
means, attached to. the pad, for facilitating- the.flow, of the :liqufd portion:of the 
blood through interstices around the trapped.celhilar qompon^ntsiof th£:blood r and 
from the pad of •porous material; The : second porous .matrix cah be a membrane 
25 such as a membrane suitable for chromatpgraphic,^ 

% for such- membranes include, but • are not Jfeited to, nitrocellulose-, cellulose, 
other cellulose derivatives, .nylon, . rayon,; paper, silica, .polyesters, and 
polysulfpnes. A generally .preferred material, for- such membranes is. ■ 
nitrocellulose. The chromatographic medium can be pretreated or modified as 
30 needed, 
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" This' second porous matrix cdn have capture zones thereon for 
binding members' ora specific' binding pairV such as antigens, haptens; or 
antibodies. For example, the second porous matrix can have, immobilized in 
the rapture zone, a first aiiitibofly fortinding analyte, which is then detected by 
5 means' of a labeled second antibody in' a sandwich reaction. Alternatively, the 
second porous mafrix can have an antigen immobilized in this capture zone for 
binding of an antibbdy. More than one capture zone can be present on the same 
second porous matrix; if more than one capture zone is present,' they can have ' 
the same or different triembefs of a specific binding pair bound thereto. If more 

10 ' than' one capture zone is present, oke'capture zdne can be used as a control to 
ensure that the assay has been performed properly. Many arrangements are well 
' known in the art and need not be recited further. The second porous matrix can 
therefore comprise a chromatographic assay element, which can be used for the 
performance of an immunbchromatographic assay. When the second porous 

15 matrix is a chromatographic' assay element, tie device is capable of performing 



on-bo ard separa tiori_bf-thejce llular components o f the blood from the liquid - 
portion of th e blood and an "assay for an analyte in die liquid portion of the b loc 
in a unitary device'. ' The assay can be carried out by applying the blood sample 
to the figrt : separating matrix and subsequently reading the result 

20 Typically , the chromatographic assay element performs either a 

competitive immunoassay or a sandwich immunoassay, as these formats are 
generally known in the art. 

The labeled component bound to the chromatographic medium, in 
the case of a sandwich immunoassay, is typically a labeled antibody to the 

25 analyte. lif the analyte'is itself an antibody, such as in the case of an assay for 

the detection of antibody in human serum to the bacterium Helicobacter pylori, 

.■..'// , . , . 

suspected of being the causative agent of stomach ulcers, the labeled component 
can be a second antibody that binds the first antibody on the basis of species, 
class, or subclass specificity" ~Oass specificity is also known' as isotype 
30 specificity * such as IgG, IgM, IgA, IgD, and IgE for human antibodies. ' 

Subclass specificity refers to antigenic differences within classes, such as IgGl, 
IgG2, IgG3, and IgG4, which aire subclasses of IgG. It is highly preferred that 
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the labeled specific binding partner, used .for detection ,of an .antibody analyte 
binds to the constant, region of the antibody analyte, in order to prevent ....... 

interference. 

... . . In some applications, it is desirable to employ indirect.labeling. 
5 Forexample, _ iri testing for Giardia antigen, an IgM.antibpdy.can.be used that 
may be difficult to labej directly... In- that case, a secondary specific hinding 
partner specific, for the mobile .first specific, binding partner can he labeled.., 
Typically, the labeled .secpmiary specific binding partner binds, to the antibody 
that is. the first specific binding partner on the basis of species, class, or subclass 
10 specificity. The first specific binding, partner has specific binding, affinity for the 
analyte. As an alternative to the use of a secondary specijBc binding partner, ..the 
first specific biiiding partner can be conjugated to biotin.ahd an^ayidinHConjugated 
label can be used. 

When a competitive immunoassay is performed,, the label .is 
15 typically an analyte or analyte analog. However, other labeling schemes are 
known in the art; in some of these labeling schemes, the label is a labeled 
antibody to the analyte or a secondary specific binding partner. In some cases, 
anti-idiotypic antibodies can be used for competitive immunoassays. 

An additional element or elements can be interposed between the 

20 first porous separating matrix and the second porous matrix. .These elements. 

• - « ' . :* ..• .. •:".•*:. *.*;■ " ' .*• ;.*;. ' y 

which are typically conducting, can act as a bridge between the first porous 

separating matrix and the second porous matrix, i.e, the chromtographic assay 

element. . 

Optionally, and preferably, the second porous matrix is fixedly 
25 attached to a solid support that is impermeable. The second.porous matrix can 

be laminated to the support or cast onto it. The solid support can be made of 

materials such as plastic or laminated cardboard. 

. Such a device is shown in Figure 1. The device 10 includes a first 

porous separating matrix 12,. a second porous matrix 14 in operable contact with 
30 the first porous separating matrix 12, and a solid support 16. The first porous 

separating matrix 12 has a first surface 18 and a second surface 20. The second 

porous matrix 14 can be a chromatographic assay element. 
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' In- use'; a 'blood' sample '22 is added to the first surface 18 of the 
first porous separating matrix 12/ and the liquid portion of the blobd'sample 22 
migrates into tlief second porous-matrix 14-as a result of the contact between the 
second surface 20 of the first porous separating matrix 12 aid the second 1 porous 
5 matrix^ 14 afteV the cellular elements* are trapped within the first porous 

separating matrix 12: "A chromatographic assay can be perfonned' within the" 
second- porous matrix 14. " k " "'"* : r * " ' % ^ 

* ' ■ * Figure 2 stiows'the* device of Figure 1 after the liquid portion of 
the blbod* sample has 'migrated into the second porous matrix 14. The cross- 

10 hatched regions in Figure -2 represent tie areas of liquid flow through the first 
porbus'matrix 1 12 and ? this second porous matrix 14. { - 

i ifc ^^teriiative version of 1 this embodiment, the first separating 
matrix can bfe an' untreated asymmetric membrane. The untreated' asymmetric 
membrane is constructed in' such a way' that it has a decreasing gradient of pore 

15 size within the membrane. The asymmetric membrane has a first surface and a 
second' surface; the blood sample is applied to the first surface. The pore size 
decreases 'fr6m 'the first surface to the second 'surface. The asymmetric 
membrane incapable of trapping r the cellular compdnehts of blood within it 'and 
'allowing"' the liquid 'components of blood to pass through. The first separating 

20 mattitf pWrtnits the liquid portion 6f the" blood to flow through 6n contact with the j 
second matrix; as described above. ' 1 

This device is also depicted by the drawings of Figures' 1 and 2, 
with the first surface 18 and second surface 20 of the asymmetric membrane as 
the first porous separation matrix 12. Blood flow is from the first surface 18 to 

25 the second surface 20 of the asymmetric membrane. 

' Asymmetric membranes suitable for use in on-bbard separating 
devices abcordirig'tb the' present invehtibn can be prepared from combinations of 
hydrophobic and hydrophilic" polymers, such as disclosed in U.S. Patent No. 
5,240,862 to Koenheri et all and U.S. rt Patent No; 5,076,925 to Roesink et all 

30 The 'hydrophobic pdlyriaer can be polysulfone, polyether sulfone, polyimide, or 
polyetherimide, and the hydrophilic polymer can be polyvinyl pyrrolidone, 
polyacrylfc acid, pbiyvinyl alcohol, polyvinyl acetate, or polyethylene glycol. 
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fyyet another al^niaaye^ygsiqn o^this embodiment, the first 
matrix, .can ,be constructed ; in such, a way, that only a jportiqn. of thepad ,is capable 
.of binding the. cellular cpmponents v ofc blood.. In pther words, -the pad can be . 
divided into two. sectors, a first sector that .permits, flow„but is not capable ,of 
/S^ binding the c^Jlular cpmporents pf is. : c*pable of 

binding t£e cellular; components of tyoqd. ..The second sector can contain, 
antib odies, lectins, or carbohydrate s as described abovq.- T^first.,sector J . 
typica^ ^ontains regents for.pretrannen iLof jtoe Jriqod sampjethat can be 
y^y p remixed jpto the blood, sampj^ 
10 r ( This ^lternativcyersion pf.the device w.depieted in.pigutre.3;- The 
device 40 has a first separating inatrix.42 with ; aJir$t surfape ;I 44-and a .second, 
surface, 46, with two ^stprs ? ,a fint.sectqr 48 jthai is jipt .cap^blej of binding the 
cellular components^ bipod ancj.ai. second sector ,50 that is .capable • of ..binding,, 
the cellular components .of. blood.. The. device also has, a second porous matrix 
15 52 and a solid sup^rt 54.. . t ... ttt . . ^ T .... ... M .. ., , , ... , 

In use, a blood sample 56 is. added to.the first surface; 44 of the , 

.;. "i ' ' "VV \ » _'-.i r i_:- ' / , ' lu-r, *a\. fjvl 

first separating ma^ix.42, and, it migrates frpn} the fix^^tt^.^8 R |^^^pod : 
sector 50, typically premixing die reagents present ip.the,firs^s^tpr 4$. jqfg,4ie 
bipod sample 56 for pretrtatmeni of the blopd staple 56. The.liquijJ.p f Qrtipn.of 
the. blood sample 56 then migrates to tlie^w^njjjjp;^ malpx.5? fincyn tbe^, .^ 
second sector 50; a chromatographic assay can b^ WSfcflWSl ip.thfi sccpncl. > 
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porous mtrix 52.. ; ^ /|§ v ^, ., ^ ^ 

f ^ In still ..another ^temative.yereijm.pf.^ .. .. . 

element? ?re used: ; , . . . fi ^ P . /ffi . , fV , 

(1) a fust porous separating .matrix. permeable to the liquid ppttipn .. 
of blopd but capable of trapping the ceHul^ ( cpniponeijts r( O r f tyood; 

....(2) a s^nd porous separating ^njatrix jn operable contact with the 

first porpus seppatipg matrix, permeable tp.i^e Uquid portion of blood but 
capable of crapping the cellular. components of blood; and ...... 

..(3) a .third porous matrix in operable contact with the second 
porous separating matrix that permi^the ljquid portion of the blood to flow by 
capillary action. or chromatographic separation through. the second porous matrix. 



m 



WO 96/35952 PCT/US96/06398 

22 

* « ' The separation of the liquid portion of the b'lbod from the cellular 

.. .. i 

components of the blood occurs by flow through the first and second porous 
Separating matrices without. significant . hemolysis. 

♦. ». * i Ih'this alternative version, the third matrix cdiriprises the means 
5 for facilitating the flow of the liquid portion of the blood: (i) through interstices 
around the trapped cellular components of the blood and (ii) from the second 
matrix: The third matrix can include a chromatographic assay element 

Optionally, and preferably, the third matrix is fixedly attached to a 
solid support that' is impermeable , : as described above. 
10 ~...<\ : .s Thefirst" and second matrices can be alike or different; they can' 
compri&'ariy of the alternatives described 'above in Section 1(B), including 
matrices containing i binder for the cellular components of blood such as a lectin 
or an anti-blood cell' antibody matrices containing a carbohydrate capable of 
aggregating blood cells, and' matrices containing an asymmetric membrane to trap 
15 blood cells ;■; Matrices with' tw6 sectors can be used. 

" ■' 1 "' For this alternative of the "device, a method for separating the 
liquid portion of blood from the cellular components of blood can comprise the 
steps of: 

: • jo > (i)' applyirig a sample <tf blodd to the first porous separating 
20 inatra ; o^ Uie dfeviiie; ' '"* ' " r * "' 7 *"'* " ; * 

" "• allowing ^ the' bldod'iW^le to flow through tiie first porous " 
separating' matrix and the second porous separating matrix to separate the liquid 

portion of the blood sample from die cellular components of the blood sample; 

and . :\ ' a: — ,\\ ~.-\.::! . . 

25 «••*«••*• (3y* facilitating the' flow of the liquid portion of the blood through 
the interstices around the trapped cellular components of the blood as a result of 
the actidii of the feird matrix.*' ' ' 1 9l " ' ;r * ' 

When the third matrix includes a membrane for chromatographic 
separation with a capture zone'; a method for performing*" an assay for detecting 

30 and/or determining at least one analyte in the liquid portion of a blood sample ' 

. . * • i . ■ 

can comprise the steps of: 
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. . .(1) . applying a sample .of blood to>the first porous separating 
matrix of the device; ; . > , ^ , .. 

(2) allowing the .bipod sample, jo :flo w through -the. first and second 
porous separating matrices .to separate the liquid portion of the. blood sample 
5 from the cellular, components of the blood, sample; .. . , ( v /- . 

..(3) .facilitating the flow pf thejiquid portion .of the. blpod through 
the interstices around the trapped .cellular components .of the blood as a result of 
the action of the third ; matrix and; . ; ,, t . ... ... . ,. v . r , ■, 

(4) allowing the liquid poison of the ; blogd ; to flow -through, the., 
10 third matrix so that an assay is performed ,in .the. second matrix,, the assay being 
performed by binding a member of a- specific finding pair-to the capture zone of-, 
the third matrix to detect. and/or determine, the,, at least.ope anaJyte. . 

. This alternative version .of the device is shown in Figure 4. .The 
device 60 has a first matrix 62, a second matrix 64, a third. matrix 66, and a . 
15 solid support 68. A blood sample 70, applied to the first matrix 62, flow t s . 
through the first matrix 62 and the second matrix 64; the liquid portion of the 
blood sample then migrates into, the third .matrix 66. A.chromatographic assay 
can be performed in the third matrix 66. ; 

In yet another alternative version of this embodiment, the device . 
20 can include multiple second porous matrices, each second porous matrix being, in f 
operable contact with the first porous separating matrix.. Each second porous 
matrix can comprise a chromatographic assay .element, with a capture, zone,,as. ... 

described above. When the second porous matrices include chromatographic. .„ 
assay elements with capture zones, a method for performing an assay for 
25 detecting and/or determining at least one analyte in the liquid portion of a blood 
sample can comprise the steps oft t . A . , #l , ,,}.-...<... 

(1) applying a sample of blood tp the first porous separating . 
matrix of the device; 

(2) allowing the blood sample to flow.through the.first porous 
30 separating matrix to separate the liquid portion pf the blood sample from the 

cellular components of the blood sample; ... 
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- : (3) facilitating the 'flow 'of the liquid portion of the blood through 
the interstices around the trapped cellular components of the blood as" ar result of 
the action of the-^bnd-'maMc(»; : 'azui--' ' ' :: 

.« 4 aliowiiig the liquid portion of the blood to flow through die 
5 second matrices so' that ah "assay is performed in at' least one of the second 
matrices, the assay being performed by binding a member of a spbeific binding 
pair to the capture zone of at feast 6ne : of the second matrices' to detect and/or 

determine 'the it least oiieaiialyte.- r v . ; i. ■ ■» J j 

} : • * In one afrangeiheht; depicted in Figure 5, the device includes two 

10 second porous matrices; one in : operable contact' with ea!cH end of the first'porous 
matrix; In' this arrangement; ^ the blood' is allied near the center 
porous matrix, r and niigratts butward to' the ends. -Alterintively, three or more 
second porous matrices can be used, each' in operable contact with the' first 
porbiis h macrix? The second porous matrices dtiabb arranged circumferehtially 

15 around the first porous matrix, like the spokes of a wheel. In this alternative, 
the first porous matrix can be any of the first porous matrices described above, 
including ' the untreated 'asyhMnetric mrabranei: ' 
< .i:. Figiire 5, : die device 80 comprises a first porous separation 

matrix 82, ''with* a 'first surface 84 arid'a second surface 86 and first and second 

20 ends 88 ana 90/ and two second matrices 92 and 94, as well as a solid support 
96. ' : The two' second ^trices 92 and 9^ are in contact with the' ends' 88 and 90 
of the first porous separation matrix 82.' A blood sample 98 is added to the first 
' surface 84 6f the K ftist porous separation matrix 82 and migrates through the first 
porous separation matrix 82, With the liquid portions of the blood sample 

25 migrating into the Wo second matrices 92 ! and 94. - " 

' : " Two-Cbmponent Assay Devices 

' Another embodiment of the present invention is a- two-component 
dievice ihcorporatmg the firit and second matrices'. Such a device , r in general , 
30 " comprises: ' 

" ' (1) a first opposable component including: *■ 4 • 

(a) a first porous separating matrix as described above; and 
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:i . (b). a second pprou& matrix in operable contact with the 
first porous separating matrix ^.descril?(^ : above; r arid. .. . . }l} 4> , ., ;< . . . • 

(2) a second opposable component attaclab)e tp ^ tint 
opposable qon$qnent such .tha{ the first and §econd ; . opposable components can be 
5 brought, into, opposition to transfer fluid ftom pne^.pf : the opposable ^components to 
the^ther by pressure.,^, t v ;.;r • . <.« . : r. 

, . , . , . A large nunjber of embodiments exist using two opposable 
components* Several alternatives are depicted below. in Figures 6 and J.. :; These 
alternatives are exemplary and.npt exclusive; a l^e number l pf i forms of the 
10 .assay device exist;, and, have. been ^cribed, fpr.e*ample ip.cqr^ntoig : U:S % , 
Patent Application Serial No. 08/040„430 Jinwrporated hercin ly -this reference. 

. For example, the.second. opposable ^.component^^ include r a , _ 
sample preparation zone, .which can then, include at least onp reageip for. ; >0 - 
treatment of the. sample.. This reagcnt£an be. used, for treatt^nt of th^sample . 
15 before the separation of the liquid portion of .the blood from .the cellular - r .. - 
components, of the Moofi. . . e: v , ; ^ . . y. v . ^^^r.y-'f] 

Alternatively, the sample „pr^paratipn zone (^ include, a, specific,: 
binding partner labeled, with a .detectable.-.lab^i, . The, specific. bimjing partner can 
have specific bidding affinity for at ( |ea?jt one component ^se.l^cted. from^ie^ jV . 
20 analyte and ^specific binding partner, for t^e.,a^^ 4 in.a form that cap ^ 
resolubilized by the addition of .an aqueous sample r tp t^e sample preparation 
zone.„ In other words, the labeled, ^ecific s bind^ig partpfir can .be. applied *p jBjg 
sample preparation zone in liquid form and, dried. down, in sueh^a: wayjhat.it .will 
be redissolyed v Typically, when the .dev f icejs .used for a^dy^ ; ifflWiun?a^say, 
25 the specific binding partner labeled r with the <Jc|ec^lc..lab^l Jias, specific, binding 
affinity for the analyte. 

Alternatively, the fim, opposite cpmppj^nt can .further include a 
sample preparation zone, which, can include a specific .binding partner labeled 
with a detectable label in resohibilizable form. As indicated below, in this, case, 
30 the sample preparation zone on the first opposable component would be contacted 
by an element on the second opposable component when the first and second 
opposable components are brought, into opposition. This will result in the 



WO 96/35952 PCT/US96/06398 

26 

transfer of the sample; the sample and the resdlubilized labeled* specific binding 
partner are then applied to the porous pad. 

^--Alternatively, in a two^ompdheht device, the porous-pad can be 
on the opposite component from the chromatographic medium. An example of 
5 this arrangement is shown below in Figure 6. 

A method for' perforating an assay for detecting and/or 
■ determining at ieast one analyte in the liquid portion of a blood sample can 
comprise 'the iteps of:' *■'"' 

(1) applying a sampieof blood to the first porous separating 
10 matrix' on the first opposable component of the two-component assay device; 

(2) allowing the blood sample to flow through the first porous 
separating matrix to separate the liquid portion of the blood sample from the 
cellular components of the blood sample; 

' " (3) facilitating the flow of the liquid portion of the blood through 

15 the interstices around the trapped cellular components of the bipod as a result of 
the : action of tiie second matrix; 

• ' ' ! (4) bringing the first and second opposable components into 
opposition to transfer fluid from one of the opposable components to the other by 
pressure; aind ' 

20 " *~ x " * (5)* allowing the liquid portion of the blood to flow through the 
second matrix so thaf an assay 1 is performed in the second matrix, the assay being 
' performed by binding a member of a specific binding pair to the capture zone of 
the second matrix to detect and/or determine the at least one analyte. 

Several examples of two^-component assay devices are shown. 
25 * ' " One general arrangement is shown in Figure 6. The assay device 

200 has a* first opposable component 202 and a second opposable component 204. 
'The first opposable" component 202 includes a porous pad 206 for application of 
the sample.' The second opposable component 204 contains a chromatographic 
medium 208 . The means for withdrawing a liquid portion of blood from the 
30 porous material is formed by the overlap between the porous pad 206 and the 
chromatographic medium 208 when the first and second opposable components 
202 and 204 are brought into opposition, the chromatographic medium 208 can 
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include a. detection zone 210 and a control zone 212. ..The. first .opposable . - 
component 202 and the second opposable component 204 are joined .by a hinge 
214. pie.chromato^hic medim The first 

opposable component 202 can include a window 218 for viewing of the , 
5 chromatographic medium 208, including, the. area of the detection zone 210 and 
the control zone 212. The first and second, opposable components 202 and 204 
can be held together by engagers, such as foose formed ajxsveled edge 220. on 
the first opposable component 202 and an undercut edge 222 on the .second 
opposable component 204. r Other types. of engagers can also bemused. The 

10 device can be accessed through i a w notch 224 formed in the,second opposable . 
component 204. , .. • i *' • 

Another embodiment of an assay device according to the present 
invention comprises a device capable of carrying out bidirectipnal 
chromatography. This embodiment is shown in Figure 7. The assay device 300 

15 has a first opposable component 302 and a. second oppqsable component ,304 . 
The first opposable component 302 includes an absorber 306, which can be an 
absorbent pad, and an applicator 308. The second opposable. component 304 has 
a chromatographic medium 310 having a first end 312 and a^econd end 3.14,^ 
with a detection zone 316 and a control zone 318. The second opposable, . 

20 component 304 also has a conductor 320 in operable contact with the second end - 
314 of the chromatographic medium 310; the conductor 320 is used for 
application of a reagent in the applicator 308 to the chromatographic medium 310 
when the first and second opposable components 302 and 304 are brought into 
opposition. The second opposable component 304 also has a pad of porous 

25 material 322 permeable to. the liquid portion of blood but capable of binding the 
cellular components of blood as described above. The pad of porous material 
322 is in operable contact with the first end 312 of the chromatographic medium 
310; this operable contact forms the means for withdrawing the liquid portion of 
blood from the pad of porous material 322. The first and second opposable 

30 components 302 and 304 are joined by a hinge 324. The chromatographic 
medium 310 and pad of porous material 322 are supported in a well 326. The 
first opposable component 302 can include a window 328 for viewing of the 
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' chromatographic medium '310, including the area of the detection zone 316 and 
6 the control zone 318. The first and second opposable components 302 and 304 
can be held together by- engagers, such as those -formed by a beveled-edge 330 on 
the first opposable component 302 arid an undercut edge 3312 on the second' 
5 opposable component 304. Other types of engagers can also' be used. * Tlie 
device can be accessed through a notch 334 formed in the second opposable 
component'304: T 

Iii use, a blood sample 1 is applied to the porous pad 322 for 
separating'the 'cellular components of blood, lie liquid portion of the* blood 

10 sampie r then 7 mi^ratei through the chromatographic inedhnn 310; at that point, the 
first and second' opposable : components 302 and 304 are brought into opposition, 
and a reagent in the applicator 308 is applied to the chromatographic medium 
310 arid migrates through' the chromatographic medium 310 in the opposite 
direction from the flow of the liquid portion of the blood sample through the 

15 chromatographic medium 310, thus reversing the flow. The reversal of flow is 
driven by the absorber 306. * 

This embodiment is particularly suitable for the performance of 
serological as'skys to detect antibodies in blood samples. For example, if the 
anilyte to fee detected is human antibody to the'bacterium Helicobacter pylori, 

20 fc believed" to be the cause of stomach ulcers,' a blood sample suspected of 

containing the antibody can be applied to the porous pad 322 to separate the 
cellular components of the*blobd sample from the liquid portion of the biood 
sample. The liquid portion of the blood sample then migrates from the porous 
pad 322 to the chromatographic medium 310 . The detection 'zone 316 can 

25 contain immobilized H. pylori antigen,' so that any antibody specific for H. pylori 
antigen binds at the detection zone! The applicator 308 then contains a labeled 
antibody that binds human immunoglobulin G antibody, such as a gold-labeled 
goat anti-human immunoglobulin G antibody, in resolubilizable form. The 
contents of the applicator 308 are resolubilized by the addition of an aqueous 

30 liquid to the applicator 308. When the first and second opposable components 
302 and 304 are brought into opposition, the applicator 308 is brought into 
contact with the chromatographic medium 310 to apply the labeled anti-human 
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IgG antibody to the chromatographic medium 310.. The absorber 306 then causes 
the labeled, anti-human IgG antibody to migrate through .the chromatographic 
medium 310 in a direction opposite to the flow of the liquid portion pf -the blopd 
sample through the chromatograpihic medium, 34p. Any anti-i/, pylori antibody 

5 bound at. the detection zone 316 then u become? labeled. If.gQld : lahete,d antibody 
is used, the presence of anti-/f. pylori antibody pai> be detected, visually., The, 
reverse flow, driven by the absorber 306, acts as a wash to remove, other 
antibody present in the. sample .th^t is not specific, for H. pylori antigen and is not 
bound at. the detec;ti.ofl zone. 3 16 but would oAerwise react with Jthe, labeled anti- 

10 human IgG antibody and give a background. .The use j of ^faiddrectipnal^ow . 
therefore reduces the background and.increases the sensitivity apd. reliability pf ... 
the test. , P ■ . .c- t ■ , 

These arrangements are, exemplary and are not. .exhaustive;, other 
arrangements of both imidirectipnal and bidirectional a^sa^ devices accord \pg to 

15 the present invention incorporating the parous pad for binding the cellular^ 
components of blood are also within the scope of the present invention. ..These }i 
arrangements can include a number of elements. 

For example, in a number of devices according to the present 
invention, absorbers are in operable contact with one end of the chromatographic 

20 medium, typically the end opposite from the end with, which contact is made with 

■ ... ts.\* .. . c t ..\.:. ii uJ£;ii.r*i> k "srju* j'J c» itf^iyi 

the pad of porous material. The absorbers can be made of any bibulous material 

y f: v r:s v >y.i ' ? ;- irr i:c./s -dT^? vi-yrfj.ic tv;: •;;:;7;-.v.v:* 

that.will hold a liguid sufficiently, so Uqmd can be drawn throu|h the ^ 
chromatographic medium and accumulated in the absorber. Typical materials for 
the absorbers, include, but are not limited to, filter jnger. ^ ^ _^ . . 

25 Additionally, the devices can include one or. more, conductors. 

.. • - : . ;: >. . >, . r. .i:.,r... i: . v x , . : ••• . 

Conductors can serve as a. bridge betweenihe pad of porous material and the 
chromatographic medium wherefore, constituting the means for withdrawing the 
liquid portion of blood from the porous material. These conductors are prepared 
of hydrophilic media that pass liquids without substantially absorbing, them. 
30 Such materials are well-known in the art. Cellutose and cellulose derivatives can 
be used. . 
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In devices according to the present invention that employ 
opposable components, : the bodies of the opposable components are preferably 
made of laminated cardboard that: is suf ficieritiy impervious-to moisture to 
contain the liquids involved in the performance bf the assay carried out by* the 
5 device. Other cellulose-based materials, such as paperboard or solid bleached 
sulfite (SBS) can also be Used.- Alternatively, the bodies of the opposable 
components can be made of plastic that is impervious to moisture. A suitable 
plastic is a polycarbonate plastic such as Lexan" 1 - 

. The. opposable components are joined by a hinge, 'preferably made 
10 of a material impermeable to liquids, such 'as a plastic: that' can be compatibly 
joined witfror is' the same as a iriaterial used for the first and second opposable 
components. "« .** * - 5 ■ • ■ " 

■ ' A version particularly adapted for the performance of bidirectional 
assays can comprise: • * - : - - '■ ■ • - 

15 - * (1) a- first opposable component- including: 

- r ' : - (a) at first porbus separating matrix' permeable to the liquid 

portion of blood but capable of trapping the cellular components of blood; and 

7.-5 : l (b)' a second" porous matrix including a membrane for 
chromatographic separation in operable contact with the first porous separating 
20 matrix that permits the liquid 1 portion of the blood to flow in a first direction by 
capillary action or chromatographic; separation through the second porous matrix; 
and — '-' - v ■ 

• (2) a second opposable component attachable to the first opposable 
component such that the first and' second opposable components can be brought 
25 into opposition to transfer a reagent from the second opposable component to the 
first opposable component by pressure so bringing the first and second opposable 
components into opposition causes the reagent transferred from the second 
opposable-component to the first opposable component to migrate through the 
second porous matrix in a second direction opposite to the first direction. 
30 Typically, in this version, the membrane for chromatographic- 

separation includes therein a capture zone for binding an analyte and the reagent 
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transferred from' the second opposable., comp onent ,to the -first- ppposable 
comppnent is a labeled specific binding p^tseriot.jhe.analyte.;. •■. ■ :l 
A method for perfo^oijig. M,assay r for # detecting land/on* : 
determinjng at least one analyte in .the,, liquid portion of.a blood , sample .using; this 
5 version can comprise .the. steps, of: ,r.. ; . , . . t ^ % 

. (l^ rt applyij?g£.sam^^^^^ t^,fetporous,sg)arating ? ;. 

matrix, on the first, ojjposable component of the ;deyjce; # 4i : - ( .. 0 n ; - .\ : 

(2) allowing toe blood.sample.to ^ - 
separating matrix to.separate ti^e liquid portion. pf:the blood sample from the 

10 cellular -components. of the bipod sample; z.-Lr-.i-yi^i . 

(3) - allowing the. liquid porfton .of the blood sample to flow ! : 
through the membrane for chromatographic separation in the first direction; •. 

. » , (4) bringing the, first and second opposable cppjponents into 
opposition to transfer the labeled specific binding partner for ^eanalyte^from.the 
15 second opposable component to die first. npppsable component by/ pressure; and 
: ( (5) allowing the l^eled , specific .b^ 
flow, through the membrane for chrpimtograplu>.sg>mfo^ - 
direction so that an assay-is perfprmed in.the s^rrf.matrix, the assay being 
performed l>y : binding the labele4 specific bm(tog p.a«ner : .to : tiie capto^zopecpf • 
20 the second .matrix to detect and/or determine |hej^.le^ipi^an^yte.^ rJ 

. . ,The description ,of *the : deyices- ajrove is directed to assay devices , } 
that perform one assay at a time. However, assay devices according to the : , r , 
present invention.can also : be consmicted-that can.perfoi?n multiple assays at the 
same time.. The assays can.be perfqraie^. for ; the samq analyte. or different- , 
25 analytes. f This allows the applicatioA ofmultiple-blpod samples to a single device 
withthe performance of multiple assays r vf , ( .* r 

n. DEVICES AND METHODS FOR OEF-BOARD PROCESSING . . • 
Another aspect of. the. present invention is a method.for separating 
30 the liquid portion of blood from, the cellular components of blood- by the pre- 
addition of a binder for the cellular components of : blpod to, a sample of whole.. 
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blood before the mixture is applied to a device for* separating the liquid portion 
of blood from the> cellular 'components of blood. 

.. _ One such method comprises: l.':..-.- J._ . :, -. fi '' . 

? : ? . . (1) ' adding a cross-linking substance for the cellular component of 
5 blood to a sample" of whole blood,- the cross-iinkirig substance being selected 
from the group consisting of a -lectin, an anti-blood cell antibody , and a 
carbohydrate- capable of aggregating blood cells; 

• > ;. : (2) mixing the cross?linkirig substance airi the'blood sample to' 
form a mixture of the cross-linking substance and the blood sample^ or allowing' 
10 time for mixing to occur; • * • > 

"- . • (3) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: "•• r 

' .i • ; (a)"a*pad of porous 1 material permeable to the liquid portion 
15 of blood but capable of trapping the cellular components of blood aggregated by 
the reaction between the cross-linking substance and the' blood sample; 
• s 5 (b) a substrate supporting the pad; and r * 

•' (c) means, attached to the pad; for facilitating the flow bf 
the liquid' portion^ of the ' blood':- (i) through interstices around the trapped cellulalr 
20 components of the blood and (ii) ; frbih the pad of poro^ 

(4) allowirig the liquid portion of the blood to flow tbiough the 
pad t6 separate the' liquid portion of the blood from the cellular components of 
'the block' V ! - k :<>: .■ , r . 

r. ■•: reparation of the liquid portion of blood from the cellular 
25 components of die' blood bound to the binder occurs by flow through the pad 
without significant hemolysis. This method differs from the methods described 
above 1 in that the pad of pbrbus material' heed not contain a cross-linking 
substance such as an antibody or a lectin; rather the pad acts as a filter to remove' 
cellular components of blood aggregated by previous binding to the cross-linking 
30 substance, with the binding occurring before the sample is applied to the pad. 
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, . Preferably, an anticoagulant is added with <be cross-linking -. 
substance. A typical anticoagulant, is .ERTA. or. heparin,: although other . 
anticoagulants are kno.wn.in the art... ; .. . ... .. .. . i. 

.. .. , Preferably » a . concentration of, cross-linking substance is used that 

5 is su^^to.ci^ln^^bsaiidally ajl^c^llalar elements. of>blt>od. '. 

., V*. device % separating .the liquid .portion of blood.from the 
«l^conmonents of blood can J« any o^^^^ 

Section I, with the difference that die pad of porous maferial acts as a filter for 
removing already,, agglutinated oraggregated ceUular components of Wood, instead 
10 of providing means for agglutination or aggregation of the celhilar components.- 
, .. The separated : liquid portion of the.blo.od;can ; tiien:be assayed for 
anana|yteasdescnT)edaboYe,typicaDybyanu^ : . 
procedure. If the device used for. separating, the; liquid portions of blood fiom . 
the cellular components of. blood .includes,* chromatographic medium, as 
15 described above, the assay, can be performed in the device;, this, is generally .-. : 
preferred. .Otherwise, the. separated liquid portion of die Woodjcan^drewn pff 
for an assay on another device. These assays can be performed on assay devices 
such as those disclosed in copending U,.S, Patent Application Serial No. 
08/040,430. by .Howard M. Chandler et al.,.entitled ^Opppsablp-Elementj..; 3i ;, 
20 Chromatograpjiic Assay Device," to»re,orated^ Zhsx iV .«. ; . 

devices, include both unidirectional and bjdiiectioiial. assay devices. 

: ^ ttrmti vely, iiistead pf .addi^ 
sample of whole blood, a sample of blood can be added to a capillary tube coated 
with a cross-linking substance, with or w^oW an ; a^coagulant., : The cross- 
25 linking substance and anticoagulant, .if.pr.went, .arethen allowed to,dissp!ye in 
the blopd sample... The blood, sample with tte cm«.Hn»^ j^m^r fnd . . 
anticoagulant dissolved, therein is. tiien.appfed tp r me.devico for separating the 
liquid portion of blood from the cellular components of. blood as described 
above. Again, the device acts.as a filter for : the . agglutinated or aggregated blood 
30 cells. An assay can be performed as. described above. 
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■ This alternative is shown generally in Figure 8. The blood sample 
400 is added to the capillary tube : 402 and, 'after mixing; the capillary tube is 
. applied to. the separation .device J404._-'1J ' : : _L 1_ . ' -.. 

5 ; -i ADVANTAGES OF THE INVENTION ' >• 

The "present invention provides a rapid, efficient, and simple 
means of separating, blood cells' from the Uquid-portiotf of blood for the 
performance of specific binding assay such' as immunoassays ■ as • well as other * 1 
tests. In particular, the present invention provides an integrated device that 
10 incorporates both art assay element and means for separating the 5 liquid portions 
of blood from the cellular components of blood so that an analyte present in the 
liquid portions of blood can be assayed readily . This avoids the necessity of a 
preliminary extraction of serum or plasma from blood with the intended necessity 
of safe disposal of the : blood fractions'.' The use of an assay device according to 
15 the present invention allows 1 for convenient and safe disposal of used test devices. 
Additionally, the improved device is capable of direct assay of a desired analyte 
. when a whole blood sample is applied to the device. 

Assay devices according to the present invention can perform a 
broad range of immunoassays, including both sandwich and competitive 
20 immunoassays. In particular, assay devices according to the present invention 
are suitable for the detection and/or determination of both antigens and 
antibodies. 

Although the present invention has been described with 
considerable detail, with reference to certain preferred variations thereof, other 

25 versions and embodiments are possible. These versions include other 

arrangements of two-component devices that operate by the basic principles 
described herein. These versions include assay devices adapted for competitive 
immunoassays as well as sandwich immunoassays in various arrangements. In 
particular, devices according to the present invention can be adapted to make use 

30 of radial or circumferential flow through a chromatographic medium rather than 
linear flow. Devices according to the present invention can also be adapted to 
perform multiple assays simultaneously, with multiple second porous matrices, 
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arranged circularly or like the spokes ,oi a wheel,; or in.other arrangements. 
Although devices according to. the present invention are; particularly adapted for. 
the separation of the liquid portion of blood fem-&e xellular;cornpQnents.of 
blood and the performance of assays on the liquid portion of blood, devices 
5 according to the present.yyention can alsp H^^&rth^removal of blood cells ■ 
from other body fluids that may contain,, them, >such as cerebrospinal fluid, and 
for assays, on such fluids after ^e; removal of7bto<^ : c,ells^ 
according to the present indention can. also be adapted.to perform\other assays, 
such as enzyme assays and colorimetric assays;;: » j - •. a , ; } .» : 

10 , The present invention further encoi^a^es.yai^iioiujin:which.the 

two components- of the device are not beld-in a.permanei^tly. : fixed; arrangement; 
but can.be separated .anij brought together to. perform -the jassay; such ,a.$ by 
electrical pr magnetic forces or byusii^.a,separablerfa^ a hook-and- 

eye fabric, for example Vetera™.. Additionally,: the pjweni.invenfipn can also •,. 

1 5 encompass devices having three components in. a folding arrangement. . ( 

Therefore, the scope of tte.inventioa&detei^^ following ckirnsu;-..;.. 
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. \ \ We claim': ■'* . ■ '■■'>• '' ■ " . ■ .»•"»-. 



1 . A device for separating the liquid portion of blood from the 
cellular components of blood comprising: ; • - '- ■ 
5 (a) a pad of porous material permeable to the 4 liquid portion of 

blood but capable of trapping the cellular components of blood; 
(b) a substrate supporting the pad; and 
.(c) means, attached to. the pad, for facilitating the flow of the 
liquid portion of the blood: (i) through interstices around the trapped cellular 
10 . components. of the blobd and (U) from. the pad of porous material; 

whereby the separation of the liquid 1 portion of blood from the cellular 
components of the" blood occurs* by flow through the pad without significant 
hemolysis. : ' ■ ,: ' •• ' ' _ • ' 

15 2i The device of claim ! wherein the pad of porous material 

contains a binder for the cellular components bf blood. v %: 

3. The device of claim 1 wherein the pad is impregnated with 
a 'carbbhydrate capable' of aggregating -blobd cells . 

20 : •.-.< 

1. . J' .4: Thfe device of claim 1 wherein the pad of porous material 
includes two sectors: ■ ; .;* r «- » . : ! - . * r 

: : (i) a fust-sector permeable to bbth the liquid portion of 

blood and the cellular 'cotDjx)hehts of blood; and 
25 (ii) a second sector -permeable to the liquid portion of blood 

but capable of binding* the cellular components of blood. • 

'■' r 5. The device of claim 1 wherein the pad of porous material 

permeable to the liquid portion of blood but capable of trapping the cellular: 
30 components of blood includes therein an asymmetric membrane with a first ' 
surface and a second surface, the membrane having a gradient of pore sizes such 
that the pore size decreases from the first surface to the second surface, the 
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asymmetric membrane capable of trapping the cellular components of blood 
within it and allowing the liquid components of blood to pass through. 

. t *i f *■.•".!.,. 'v* r f »*.".- . 

6. The device of claim 4 wherein the„means,. attached io the .pad, 
5 for facilitating die, flow of the liquid portion of the blood includes therein a 
membrane for chromatographic separation. . „■ * V» 

/ : - / % v v • V. i • : , 
. 7 . A device for separating -the liquid ^portion of :blood from the 
cellular compqnmts of bloodc^pnsing: J ; . • y.^.u 
10 (a)« a first porous separating .matrix permeable, to. the liquid portion 

of blood but capable of trapping, the cellular components of .blood; and . . , - v. 

\j • .(W. > second porous matrix, in operable contact .with the rfirst; ■■ 
porous separating matrix that permits the liquid portion of the blood to>flow by 
capillary action or chromatographic separation through the second porous matrix; 
IS whereby the separation of the liquid portion.pf blppd from : the cellular 

components of the blood occurs by flow ^through the first and second matrices 
without significant hemolysis. 

8. A device forseparatingvthe .-Uq^^ppitionrof Mood,^^.^. 
20 cellular components of blood comprising: 

, (a) a first porous separating, matrix permeable jo the liquid portion 
of blood but capable of trapping the cellular components of bipod; : - % ■ %i 

• . , ■ (b) a second porous, seprating/pratrix in : operable contact with the 
first porous separating matrix permeable to»the liquid. portion qt blood but 
25 capable of trapping the cellular compqrKfnts of blp3od;:and 

(c) a third, poroys matrix* jn .operable contact with the second 
porous separating matrix that permits the liquid portion of the blood to flow by 
capillary action oxctronrapgraphic.separ^ porous matrix; 

whereby the separation of the liquid portion of the blood from the cellular 
30 components of the blood occurs by flow through the first and second porous 
separatingmatrices without significant hemolysis. 
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' 1 • ; : 9r The device of claim iTwherein either the "first porous matrix, 
the second porous matrix, or both the fifst and' second porous matrices contain a 
binder for' the cellular components of blood. 

5 • 10. : The 'device of claim 1 8 wherein either the first porous matrix, 

the second porous matrix, or both the first and second porous matrices are ' 
impregnated with a carbohydrate capable of aggregating blood cells: 

-../ *. x -;7./:.it' ; : TJie device of clkim 8 wherein either the first porous matrix, 
10 the second porous matrix, or both the first and secontf porous matrices include 
two sectors: 

; !• . : 3 *f^ t se ctbr permeable to* both the liquid portion of 
blood and the cellular components of blood; and r - v • ' • - • ' 

(it) a second sector permeable to the liquid portion of blood 
15 but capable of binding -the cellular components of blood. . 

?■ .»;•-■ - The : device of claims wherein either the first porous matrix, 

the second 7 pbrous matrix, or boti the first and'second porous matrices are 

.,..„•„, ... . . ' 

asynimetric membranes with a fii^t surface and a second surface, the membrane 

20 having a gradient of pore sizes such that the pore size decreases from the fiHt 1 

surfaced the H sec^ membrane capable of trapping the 

"cellular components of blood within it knd allowing the liquid components of ' ' 

blood to pass through. " ; " ' ' ; ' ; * ' : 4 

25 : * ; 13*. The device of claim 8 wherein the' third matrix includes a 

membrane forchtomatographic separation. 

14. ' A device for separating the liquid portion of blood from the 
cellular components of blood comprising: 
30 (a) a first porous separating matrix permeable to the liquid portion 

of blood' but capable of trapping the cellular components of blood; and 
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. v (b) at least two second, porous niattices, each second porous 
matrix in. operable contact with the. first .porous separating matrix that»permits the 
liquid portion of the blood to flow by. ca^iHaiy. action .or chromatographic r . 
separation through the second porous matrix; 
5 whereby, the separation of the liquid portion of blopjd from the cellular 

components of the blood occurs by.flow.through foe first arid second matricesjr 
without significant hemol^si? Vt ,. » , . r , r».. v v , r%r .. • . v - 

. . 15, The q\eipce pf claim: 14.,yherein : each second matrix includes a 
10 membraae fp^ chfonpto^phic ^separation.,. ? v i . -r; • - x 

, . . .. 16.^ A deyice.for.separating the liquid ^portion of blood from the 

cellular components of blood compri^ig>.j ,... ry; . Vi Uj .... . ..... 

(a)..^first opposable componrat ; raluding:i 
15 (i) ^ first porous .scjjaratujg ma^ j)q^£ble 0 ^ 

portion of blood but capable of trapping the cellular components of blood; and 

(ii) a §econd porous^txi* in, opeoble contact with the 
first porous separating , matrix. tha{ permits the liquid ^ortioi} of the 0 blopd ip.flo.w 
by capillary, action or chromatographic separation ^ugh,0e f ^wnd.p,p^u^. v . c . 
20 mauix; :? nd... , . ^ ^ ., v , ,.. v , , r • 

. f . .(b) a 

opposable component such that the .first jpiji ,Sj^ can be 

brought into opposition to transfer fluid from one of the opposable components to 
the other by pressure; whereby the separation of the liquid portion of blood from 
25 the cellular components of the blood occurs, by- flow through the first and second 
matrices of the first opposable component without. sigi^icam hemolysis, . . 

j 17. . The device of claim .16 wherein the second opposable 
component includes a sample preparation zope.. 
30 , t . . t . . . . , ... 

18. . The d.evice of claim 17 wherein the sample preparation 
zone includes a specific binding partner labeled with a detectable label, the 
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specific binding partner having specific binding affinity for at least one 
component selected from the analyte' and a specific binding partner for the' 
analyte in a form that can be resohibilized -6y the addition of an aqueous sample 
to the sample preparation zone. 

5 . •: 

19. ' The devicfc of claim 16 wherein at least one of the first and 
second opposable components further includes a sample preparation zone 
including a specific binding partner labeled with a r detectable label/ the specific 
binding partner having specific binding affinity for at least one component 

10 selected from the analyte and a specific binding partner for the analyte in a form 
that cahbe resolubilized by ih6 addition of ah aqueous sample to the sample 
preparation zone. 

20. A device for separating the liquid portion of blood from the 
15 cellular components of blood comprising: 

'■• ' (a) a first opposable component including: 

(i) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping the cellular components of blood; and 
~ . . t:>. ' Cii> a second porous matrix including a membrane for 

20 chromatographic separation in operable contact with the first porous separating 
matrix that permits the liquid portion of the blood to flow in a first direction by 
Capillary action or chromatographic separation through the second porous matrix; 
'ojtf • • ■ **-•:';* '■- . : • . 

(t>) a second opposable component attachable to the first opposable 
25 component such that the first and "second opposable components can be brought 
into opposition to transfer a reagent from the second opposable component to the 
first opposable component by pressure so bringing the first and second opposable 
components into opposition causes the reagent* transferred from the second 
opposable component to the first opposable component to migrate through the 
30 second porous irnatrix in a second direction opposite to the first direction; 
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whereby the separation of the liquid: portion, of bloodfrom.the cellular : . 
components of the blood .occur by flow through the firstand. second, matrices of 
the first opposable, component without significant hemolysis. 

5 21. The device of claim 20 wherein the membrane for 

chromatographic separatipn. includes therein a capture zone for v binding an analyte 
and the .reagent transferred from the second. opp<^ble- component to the first, 
opposable compownt is f ^abele^l i ^^j^c, Jbinding t partner for f^varjatyte.: , 

10 4 % ; 22.. The.dey^c^.pf^y of claims. W ? oe ^6 wherein the, first , 

porous, separating matrix contains a binder forohe. cellular components, of blood. 

23. The device of any of claims 2, 9, or 22 wherein the binder is 
an , anti-blood:Celi ai$body. . v -: .. r; , : . , _ • i: ? 

i '- — Ut^O . Ma. . • 

24. The device of claipi. 23. wherein the. antirbloo^ cell antibody is 
an^rytlm^ , ; _ fc 

tf V t25 ; , The device of any Qfdai^ 
20 a lectin. f _. r .^ . . ^^y-^^j ..^ijr^*; .Hcr^n;^^ 

. _ . 26.. : The.device,.of clayn 25 ? wljerein Jfc^.le^tin is selecjedJfrom the 
group consisting of concanavalin A, abrin, phytobaemagglutinin, limulin, and, the 
lectins produceAJby die follovyjng spgcigs; .jAgaripg bjsporvs, Anguilla anguilla, 

25 Arachis hypogaea, Bg^d^a^Ji^Jlififi^i^ BcM^inic : /^^^e^ >N Q^^aw, ... ., 
arporescens, Cicer arietinum,, Cqdium fragile ^Datura stramonium, Dolichos. . 
biflprus, Erythrimxomlhdendron, Erythrina fin^qgalU t JBuonymus europaews, 
Glycine, max, Helix-aspersa, Heluppmatia t Jjathyms odpratus, Lens culinaris, 
Lycopersicon esculentum,. Madura ponxifera, Momordica.charantia,. Mycoplasma 

30 gallisepticum, Naja mocambique, Naja kaouthia, Perseau americana, Phaseolus 
coccineus, Phaseolus limensis, Phaseolus vulgaris, Phytolacca americana, Pisum 
sativum, Pseudomonas aeruginosa, Psophocarpus tetragonolobus, Ptilota 
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plumosa, Ricinus communis , 'Robinid pseudbacacia, Sambucus nigra. Solarium 
tuberosum, Sophora japonica, Tetragonolobus' purpureas; Tritiaan vulgafis/Ulex 
europaeus\ Viciaftibd; Vicia sativd- Vtei'a villbsai Vigna radiaxa, Viscum album, 
and Wisteria floribunda. - * •' : i ' ~ - < : 

5 '.- • , • ■. /.. A • :•. .-: ?. '* v % .■ . .. ' • 

27. The device 6f ^y bf ciaiIni5 , 7, 1*4; or 16 wherein die first 
porous separating matrix is impregnated with a carbohydrate capable of 

aggregating blood cells. ' : ' v ' ! 

[:.: \ ' r v\. \. . .:■ -.V * . v • ; - . \ " 

10 ; r 28; : The device 6T any of claims 3 , 10' or 27 wherein the 

carbohydrate is sel&^ sorbitol, inositol, 

0-D-glucose; a-D-gliicose t 'D(+)xylose, D(+)mannosei 6(-)arabinose, 
L(+)arabinose, D(-f Jgalactose, L(-)xyioseV D-ghicoheptbse; "tiyxose, lactose, 
maltose, and sucrose; r : ' '* 

15 ' : * "- ; ' v ' '•" ' ;; : "* '■ *■ 

" - : 29! 'The device of claim 28 wherein die carbohydrate is mannitol. 

30. The device! -olfruy of claims 7 or 16 wherein the second 
'tnatrix includes 'a membrane for chromatographic separation. 

31. The devi^ o^ amy of claims 6, 13; 15; or 30 wherein the 
membrane for chromatographic sepairatibb hais a capture zone thereon for binding 
a' member of* specific binding pair. * : ' * 

25 *" r 32/ The device of 'afry r of claims 7 or \6 wherein the* first * 

separating matrix* is" an s^ynunetiic' membrme with a first surface and a second 
surface, tie membrane having : a gradient of pore sizes such that the pore size 
decreases from the first surface to the second surface, the asymmetric membrane 
capable of trapping the cellular components of blood within it and allowing the 

30 liquid components of blood to pass through. ' ' 
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, _ 33. The |T device of any pC.clamsJ or 16 wherein the fint, . .. 

separating matrix includes two sectors:, 

• • *i - i 1 • '* • ■ 

\ "® a-first seqtor permeable^ both ^ liqmd poition of . 
blood and the cellular components of blood; and 

5 (") a second sector permeabJe to the liquid portion of blood . 

but capable of binding the ceUular.(^m^ne^ : of a blood. * . ■ ^ 

34. A method for separating the liquid portion q( blood from 
the cellular components of blood comprising the steps of: 

* MX a cross,linking substance for fecdhftv components of • 
blood to. a sample o( whole.blopd, the cpss-lii*ing substance beiiig .^ected 
from the group consisting, of* L iectj^, manti-blood;cell ughp^ng* : ;- ; - 
carbohydrate capable of, agglutinating blopd cells; . . ., , ifJ 

(b) mixing the cross-linking substance and the. bipod sample to . v 
15 form a mixture of the cross-linking substance and the blood sample; 

(c) applying the mixture of .the cross-lin^ ^bstona and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device .comprismg:,. , .. v . . r 

r (i) a P ad °f Pprp^mj^^ 
20 of blood but capable of trapping the cellular components of blood aggrcgatriby ,„ 
the reaction between the ttoss-linking. substance anfthe bipod sample; 
, . ,.- ...... (ii) a subsb^.sjpqrt^ the,.pad; r a$ 

(iii) means, attached toAcpa^, for,feciIitating t?>e flow, of 
the liquid portion of the blood: (1) through interstices around the trapped cellular 
25 components of the blood and (2). from tfce : pad.of ,porous t material, whereby the . . 
separation of the liquid portion of blood^oi^ thejsll^ar components of the. 
blood occurs by flow through the pad without significant hemolysis;. and. 

r . (d) allowing the liquid portion of the blood to, flow, through the 
pad to separate the liquid portion of the blood.from the cellular components of 
30 the blood. 
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'35: The method of claim 34 further comprising adding an 
anticoagulant together with the crosV-linldng substance. 

' 36: A method for separating the' liquid portion 'of blood from the 
5 cellular components'of blood comprising the steps of: 5 

(a) adding a sample of blood to a capillary tube coated with a 
cross-linking substance, the cross-linking substance being selected from the group 
consisting of a lectin, an anti-blood cell antibody, and a carbohydrate capable of 
aggregating blood cells; 
10 (b) allowing the cross-linking substance to dissolve in the blood 

sample to form a mixture of the cross-linking substance and the blood sample; 

(c) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

15 (i) a pad of porous material permeable to the liquid portion 

of blood but capable of trapping the cellular components of blood aggregated by 
the reaction between the cross-linking substance and the blood sample; 

(ii) a substrate supporting the pad; and 

(iii) means, attached to the pad, for facilitating the flow of 
20 the liquid portion of the blood: (1) through interstices around the trapped cellular 

components of the blood and (2) from the pad of porous material, whereby the 
separation of the liquid portion of blood from the cellular components of the 
blood occurs by flow through the pad without significant hemolysis; and 

(d) allowing the liquid portion of the blood to flow through the 
25 pad to separate the liquid portion of the blood from the cellular components of 

the blood. 



30 



37. The method of claim 36 wherein the capillary tube is also 
coated with an anticoagulant together with the cross-linking substance and the 
anticoagulant is allowed to dissolve in the blood sample. 
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,38. The method .of. any of claims 35 oc 37 wherein the 
anticoagulant is selected from the group consisting, pi EDTA and heparin. . . 

. .. 39. Hie. method pf any of .cJaimS:34jw 3.6 wherein a 
5 concentration of cross-linking substance .is use^ that. is. sufficient to crosslink . . 
substantiaUy ^all cellular elements of % bl^Qd. a 

• . - . j, . » .v .. ' u- v V':- 5 . ' « • ■* 
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